Abstract--Only few laboratories around the world are available for complete testing of devices to be used in space missions. RADLAB can achieve the standards and meet special requests, in the lead to complete component qualification.
radiation testing, covering a wide range of device functions and technologies using multiple test conditions (biasing, annealing, dose rate, accumulated dose level, etc).
Due to the fact that CNA and ALTER share the same facilities, the consortium CNA-ALTER provides an ideal frame to offer a comprehensive radiation laboratory to characterize, validate and test all electronic component types under gamma radiation. Our facility exceeds the requirements for total dose irradiation tests currently demanded by the industry, and applicable standards such as ESCC, MIL-STD or ASTM [3] - [7] . Although the primary objective is to perform Total Ionising Dose (TID) testing for aerospace applications, the facility is intended to be used in other applications such as High Energy Physics, Material Science, Biomedical or ionizing radiation metrology.
In the first section, we will describe the main equipments related to the radiation exposure and the electrical test capabilities. In the second section, the set-up calibration and the operational procedure for radiation testing will be presented in detail.
II. RADLAB DESCRIPTION

A. Gamma-radiation facility
In the last years, thanks to its status as Singular Scientific and Technical Facilitiy (Instalación Científico-técnica Singular, ICTS), the CNA has secured funding to expand their infrastructure with a gamma photon irradiation system. Due to safety reasons, the new laboratory has been installed in the basement of the building. The irradiator and auxiliary systems are housed in a concrete shielded vault (5.8m x 4.8m x 3m) especially designed to meet the current regulations of radiological protection. The irradiation room is separated from the control room by a three leg maze, where the irradiator control console, the dosimetric monitoring system and the radiation safety monitoring equipment are placed. The experimental verification of the shielding has been performed in order to fulfill with the highest radiological safety, supervised by the Spanish Nuclear Safety Council -CSN. In addition, the access to the laboratory is restricted to certified and approved personnel by fingerprint control.
The CNA has one of the most versatile gamma radiation equipment for research on the market today, the model Gammabeam ® X200 manufactured by Best Theratronics New gamma-radiation facility for device testing in Spain Y. Morilla, G. Muñiz, C.I. Sánchez-Angulo, M. Domínguez, P. Martín, J. Jiménez, J. Praena, E. Muñoz and G. Fernández
Ltd. Company. It comprises a steel rotary head (360 °) filled with lead and tungsten, where a radioactive source of cobalt-60 ( 60 Co) is housed. By means of an air cylinder, the doubleencapsulated source is slid horizontally between the fully shielded position and the fully exposed position. The pneumatic drive system is free of grease, so a very stable positioning of the source is guaranteed and accident probabilities are thus minimized. In this location, the shield has a conical opening which contains a variable collimator system, providing different square irradiation fields. Moreover, detachable trimmers, which provide an improved penumbra, are available and it is also possible to adapt on them wedges of different sizes and shapes to select specific areas of irradiation.
The GBX200 contains an isotopic source of cobalt-60 manufactured by MDS-Nordion. July 2014). In reference conditions, i.e. field size of 10 cm x 10 cm and source detector distance (SDD) of 100 cm, the obtained rate of air kerma is 1.484 Gy/min (July 1st, 2014) [8] . By adjusting the distance of the sample to the source (minimum 50 cm) and by means of an attenuator, it is possible to obtain a wide dose rate range. In addition, the limits of the irradiation field size are also variable; e.g. when placing the sample at 100 cm from the source, the minimum available field is 6.0 cm x 6.0 cm and the maximum 44.0 cm x 44.0 cm.
The Fig. 1 shows the laboratory layout and the theoretical beam through, using our regular set-up with the head tilted at 90º. The environmental gamma dose rate measurements, in different positions inside the irradiation vault, are also presented. Related to the dosimetry system, the laboratory has a large number of Farmer ionization chambers (0.6 cm 3 ) in order to monitor the dose rate in different measurement points. The equipment is completed with two single channel electrometers (UNIDOS Webline -PTW, DOSE-1-IBA Dosimetry), and two multichannel electrometers (MULTIDOS-PTW). These systems allow remote monitoring of both dose rate and accumulated dose. For calibration purposes, RADLAB also has a water phantom and a set of solid-water plates. The environmental conditions (temperature, pressure and relative humidity) are controlled and remotely monitored with a single calibrated device manufactured by TESTO. Biasing conditions are also remotely monitored and regularly checked.
The facility is fully available 24 hours a day, 7 days a week, which allows performing electrical measurements at any irradiation steps required by the customer, without depending on fitting schedules during normal working hours. Due to the fact that CNA and ALTER share the same facilities the electrical measurement can be performed without delay, so minimizing the Time Dependent Effects (TDE) [3] - [5] . In-flux testing option is available. Irradiation at both Elevated and Cryogenic temperature can be also performed in accordance with MIL-STD-883 TM 1019.
B. Electrical test capabilities ALTER TECHNOLOGY TÜV NORD S.A.U Parts
Laboratory is specialized in testing Electrical, Electromechanical and Electronic (EEE) components for aerospace and defense applications. The laboratory has accumulated extensive experience in developing test software to electrically and environmentally characterize any discrete or integrated circuit, such as: resistors, capacitors, inductors, diodes and transistors, voltage references, operational amplifiers, low noise instrumentation amplifiers, line drivers, line receivers, pulse width modulators, buffers, RF/MW discrete and integrated devices, among others. There are further specialised capabilities available, like small leakage current measurement (fA), measurement and testing of magnetic devices, high power passive and discrete devices testing, dielectric withstanding voltage up to 12kV, characterisation on LCR devices up to 3 GHz, destructive and non-destructive test fixture design and manufacturing up to 40 GHz, dynamic impedance adaptation with RF tuners up to 8 GHz, signal-to-noise measurement on high frequency devices, characterisation of multiport devices up to 40 GHz, design and manufacturing of calibration kits and power characterization of high frequency devices.
The test laboratory offers analytical expertise and advanced instrumentation to identify root cause explanation for a wide range of component-level failures, as well as resources to valuate possible quality and reliability issues through both non-destructive and destructive techniques.
TERADYNE's UltraFLEX tester provides the widest range of coverage with Gigahertz speed and precision measurement With state-of-the-art facilities, this laboratory has been awarded in less than one year with ISO-17025 accreditation (granted by Spanish National Accreditation Entity, ENAC, 345/LE2116), as well as is in the process to pass the audit to get the accreditation for MIL-STD-883 and MIL-STD-750 provided by the Defense Logistics Agency (DLA), being the first test house outside the USA to get this certification. In addition, ALTER is currently performing a dosimetry intercomparison exercise together with the European Space Agency (ESA).
III. RADIATION TESTING An initial detailed characterization of RADLAB has been performed by CNA-ALTER and PTW-Freiburg delegate personnel. All requirements are fulfilled for the operation as a SSDL (Secondary Standard Dosimetry Laboratory) and a radiation testing centre according to international standards [3] - [5] . In our laboratory, the calibration and dosimetry procedure are performed in full compliance, either in water or in air, with TRS-398 and TRS-469 IAEA protocols [8] , [9] . Currently, a wide range of dose rate can be achieved (0.005 -39.8 krd(Si)/h) and the uncertainty in the worst case is less than 4% [6] , [10] . Square flat radiation fields are obtained at our facility and the maximum field size is 140 cm x 140 cm. Large areas with non-uniformity well bellow 10% are available as presented in Table. I; experimental data of percent uniformity are shown for two dose rate values (about 220 and 1100 rd(Si)/h). In both cases, using or not one attenuation system, the relative value is obtained by comparing the dose rate measured until arrive the extremes of the given fields and the main value just in the center of the field, which is aligned with the central axis of the beam. The uniformity of each selected area is guaranteed through measurements of the relative dose rate in ultra precise 3D profiles. Linear displacements of the sensors from 0.1 mm are done by remote control, with the help of an ARDUINO microcontroller. Fig. 2 shows a full profile obtained in RADLAB scanning a horizontal field side of 160 cm. The dose rate measurements were performed, without attenuator system, at 300 cm from the source. Irradiation areas from about 110 cm x 110 cm meet standards homogeneity requirement, although dose rate nonuniformity ≤ 1% is also available for a wide range of field size.
The low-energy scattered radiation in the vault has been also studied, both by Monte Carlo simulations [11] and experimental air kerma rate deviations from nominal values. Only the scattering contribution of the wall directly exposed to the beam is not negligible. The nominal dose rate dependence, with the inverse square of the radius, is valid in the range of SDD 100 cm through 270 cm. Beyond 270 cm the behavior deviates significantly (> 0,5 %) from the expected. A maximum enhancement of 9.1% has been found at 20 cm to the wall, for maximum field size. RADLAB has designed its own attenuation system which allows maintaining the maximum radiation field uniformity for various simultaneous different dose rates. Currently, the dose rate can be adjusted with attenuators from as low as 5 rd(Si)/h to 1 krd(Si)/h The attenuator thickness can be changed as needed for different set-ups, so the system is fully characterized before use. The symmetry and the attenuation factor are determined, and the relative dose profile is obtained. Moreover, the disperse radiation contribution is studied by Monte Carlo simulations.
Although the maximum scattered radiation contribution can be avoided, the radiation exposed bias boards are regularly positioned inside a lead-aluminum enclosure (minimum of 1.5 mm Pb, surrounding an inner shield of at least 0.7 mm Al [7] ). To comply with the standards, the lead-aluminum container is required to minimize dose enhancement effects by reaching charged particle equilibrium. The influence of the container is taken into account for dosimetry in every EEE component lot, since the sensor is placed under the same conditions as the Device Under Test (DUT). Table. II shows some experimental data, related to the dose rate uniformity, to carry out different TID runs in the same range of 220 rd(Si)/h. This dosimetry data have been obtained inside a container with internal dimensions of 16.4 cm x 11.3 cm. The holder central point is placed in different positions (x, y) with respect to (0, 0), which is the central axis of the beam. The internal reference "LUxx" indicates that measurements were performed in the left-up quadrant of the full square irradiation field. It can be observed that uniformity ≤ 10% is achieved for all the components inside each container, even placing this at 50 cm from the center. To control in real time the test performance, RADLAB is provided with an unique monitoring system that can record all the environmental and test conditions that may affect the parts behavior in any way: voltages, current consumption, dose rate, total dose, irradiation stoppages, temperature, humidity, pressure, etc. and a configurable alarm system that can trigger a set of messages which grants remote control of the instrumentation.
Due to the fact that the measurements are done and transferred without delay to the customers, after analyzing the data, the customer is able to request for changes to initial dose rate, adapting the test to the result in the proper time. Following these procedures, the components can be easily tested at 36 rd(Si)/h dose rate (Window 2, "Low Rate" [3] ), and after that, increase the dose rate in accordance with customer needs and specification requirements. This approach has been followed in the frame of ESA's BepiColombo project for most of their bipolar technology components, and it will be used soon in the frame of ESA's JUICE mission, for their first released test vehicle.
IV. RESULTS AND CONCLUSIONS
The new gamma-radiation laboratory offers to the radiation-effects community the widest dose rate (5 to 40x10 3 rd(Si)/h) in Europe. The established dosimetry procedure accomplishes with the international standards, providing an absorbed dose uncertainty less than 4%. Moreover, our facility exceeds the uniformity requirements for total dose irradiation tests currently demanded by the industry. The environmental, radiation and biasing conditions are monitored, registered and processed in real time. As a result of the technical expertise of both entities, CNA and ALTER TECHNOLOGY TÜV NORD S.A.U., RADLAB is a singular facility. The laboratory meets a private-public character, where both standard testing and innovative work research can be performed.
Up to now, the current tester limitations of the radiation laboratories available in Europe make it difficult to perform complex measurements next to the irradiation facilities. On the one hand, not every radiation facility has available the necessary complex ATE (Automated Test Equipment), as TERADYNE's ULTRAFLEX. On the other hand, the ATE cannot be transported to and from customer's facilities to irradiation facilities. After the first set of experiments performed in the frame of ESA's projects Solar Orbiter, BepiColombo and JUICE, the main results that can be extracted from our experience is that now the facility is able to perform more easily up to half million of measurements within the two-hour-window required by international standards, and monitor the test conditions during the whole duration of test performance.
In addition to this, the measurements performed after each irradiation step are immediately updated to the final test report. This allows the tendency of each electrical parameter to be closely monitored and studied almost in real time, with the advantage of being able to add additional irradiation steps when considered necessary (for example, when more resolution in tendency-turning points is needed, or when more accuracy is desirable in finding out when a determined parameter starts to be out of specification limits). All this can be accomplished by the ALTER-CNA consortium and it is a first step towards fully in-situ testing.
